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(54) Abstract Title 

Semiconductor device manufacturing method 



(57) A manufecturing method for a semiconductor device includes forming a pad silicon oxide film 2 on a 
semiconductor substrate ^, forming a silicon nitride film 3 on the pad silicon oxide film, removing the silicon 
nitride film and the pad silicon oxide film respectively corresponding to a part in which a trench la is formed 
and exposing the semiconductor substrate, etching the exposed semiconductor substrate and forming the 
trench, forming an oxygen permeable oxide liner film 5 on the inner surface of the trench, and thermally 
oxidizing an area lb of the semiconductor substrate via the oxide film. 
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SEMICONDUCTOR DEVICE MANUFACTURING METHOD 
BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to the manufacturing method 
of a semiconductor device^ particularly relates to the 
laanufacturing method of a semiconductor device provided with 
trench isolation structure. 

10 

Description of the Prior Art 

A process for isolating an element in the manufacturing 
method of a semiconductor device mainly has two ways of 
isolation by a trench and isolation by selective oxidation - 

15 FIGS. 8 and 9 are sectional views showing the manufacturing 
method of a semiconductor device adopting known type 
trench isolation in the order of a process. 

In a . known type manufacturing method, first/ as 
shown in FIG. 8, a pad silicon oxide film 52 and a silicon nitride 

20 film 53 are sequentially formed on a flat silicon substrate 51. 
After resist is patterned, a trench 51a is formed on the silicon 
substrate 51 by plasma etching processing. Next/ a thermal 
oxidation film 51b is formed on the exposed surface of the trench 
51a of the silicon substrate 51. Afterward, a liner film 55 

25 is formed on the overall surface. Next, a trench insulating 
film 56 made of high-density plasma oxide film is embedded in 
the trench 51a. 
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Afterward, the surface of the trench insulating film 56 
is flattened as shown in FIG. 9 by suitably performing chemical 
mechanical polishing (CMP) , oxide film etching and nitride film 
etching so that the height of the trench insulating film is equal 
5 to that of the surface of the silicon substrate 51. 

Next, a semiconductor device is completed by forming a 
gate oxide film, a gate electrode (not shown) and others. 

According to the known type manufacturing method 

of a semiconductor device, when the trench 51a is formed, a 
10 crystal defect is caused on the surface of the silicon substrate 
51, however, such a crystal defect is eliminated by the 
formation of the thermal oxidation film 51. Also, as the liner 
film 55 functions as a buffer layer, stress that acts from the 
trench insulating film 56 which is a dense film onto the silicon 
15 substrate 51 is relieved. 

Such a known . type manufacturing method is 
disclosed in Japanese published unexamined patent applications 
No. Hei 8-46029 and No. Hei 11-176924 for example. 

However, in the known type manufacturing method, 

20 as shown in FIG. 8, the end of the silicon nitride film 53 is 
pushed out by heating when the thermal oxidation film 51b is 
formed and a cavity 54 is -formed between the silicon nitride 
film 53 and the pad silicon oxide film 52 . Afterward, the oxide 
film is etched a few times, however, as in etching the oxide 
25 film, etching isotropically progresses, the cavity 54a is 
expanded to the trench insulating film 56 as shown in FIG. 9 
and a concave portion 57 called a divot is formed in the trench 
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51a. When such a concave portion 57 exists in the trench 51a, 
there is a problem that the length of a channel is substantially 
longer than the design value and the characteristics vary. 

FIG. 10 is a graph showing the characteristic of a binnp 
5 of a transistor and showing gate voltage on its x-axis and drain 
current on its y-axis. In FIG. 10, a broken line shows the 
characteristics in design and a full line shows the 
characteristics of a semiconductor device in which a divot 
exists. As shown in FIG. 10, when a divot exists, the 

10 semiconductor device has characteristics that the part is 
turned on ahead and two steps of threshold voltage exist. 

FIG. IIA is a schematic drawing showing a designed 
semiconductor device and FIG. 1 IB is a schematic drawing showing 
a semiconductor device manufactured according to a conventional 

15 type method. In FIGS. IIA and IIB, a gate oxide film and others 
are omitted for convenience* 

As shown in FIG. IIA, in design, a trench insulating film 
62 is formed on the surface of a silicon substrate 61, a gate 
electrode 63 is formed on them and a transistor having channel 

20 length shown by an arrow A-A is manufactured. However, 

according to the known type manufacturing method, as 

shown in FIG. IIB, as a divot 64 is formed, the channel length 
of the manufactured transistor is as shown by an arrow B-B. As 
described above, according to the conventional type 

25 manufacturing method, it is difficult to manufacture a 
transistor having channel length according to design. 

In addition, as the shape of the divot is not fixed, the 
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degree of displacement off the characteristics varies every 
manufacture. Therefore, it is also extremely difficult to 
design in consideration of displacement due to a divot off the 
characteristics beforehand. 

10 BRIEF SUMMARY OF THE INVENTION 

The manufacturing method of a send conduct or device 
according to the invention includes a process for forming a pad 

20 silicon oxide film on a semiconductor substrate, a process for 
forming a silicon nitride film on the pad silicon oxide film, 
a process for removing the silicon nitride film and the pad 
silicon oxide film respectively corresponding to a part in which 
a trench is .formed and exposing the semiconductor s\ibstrate, 

25 a process for etching the exposed semiconductor substrate and 
forming the trench, a process for forming an oxide film which 
an oxygen atom can pass at least on the inner surface of the 
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trench and a process for thermally oxidizing an area opposite 
to the trench of the semiconductor siibstrate via the oxide film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The above-mentioned and other objects, features and 
advantages of this invention will become more apparent by 
reference to the following detailed description of the 
invention taken in conjunction with the accompanying drawings, 
10 wherein: 

FIG. 1 is a sectional view showing the manufacturing 
method of a semiconductor device equivalent to a first 
embodiment of the invention; 

FIG. 2 shows the first embodiment of the invention and 
15 is a sectional view showing the next process of a process shown 
in FIG. 1; 

FIG. 3 shows the first embodiment of the invention and 
is a sectional view showing the next process of the process shown 
in FIG. 2; 

20 FIG. 4 shows the first embodiment of the invention and 

is a sectional view showing the next process of the process shown 
in FIG. 3; 

FIG. 5 shows the first embodiment of the invention and 
is a sectional view showing the next process of the process shown 
25 in FIG. 4; 

FIG. 6 shows the first embodiment of the invention and 
is a sectional view showing the next process of the process shown 
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in FIG. 5; 

FIG- 7 is a sectional view showing the manufacturing 
method of a semiconductor device equivalent to a second 
embodiment of the invention; 
5 FIG. 8 is a sectional view showing the manufacturing 

method of a semiconductor device adopting known type 
trench isolation; 

FIG. 9 shows a known type manufacturing method and 

is a sectional view showing the next process of the process shown 
10 in FIG. 8; 

FIG. 10 is a graph showing the characteristics of a bxamp 
of a transistor; and 

FIGS. IIA and IIB are schematic drawings showing a 
designed semiconductor device. 

15 

DETAILED DESCRIPTION OF THE INVENTION 
Referring to the drawings, embodiments of the invention 
will be described below . 

FIG. 1 is a plan showing an example of the layout of a 
20 semiconductor device equivalent to an embodiment of the 
invention. Referring to the attached drawings, the 
manufacturing method of the semiconductor device equivalent to 
the embodiment of the invention will be concretely described 
below. FIGS. 1 to 6 are sectional views showing the 
25 manufacturing method of the semiconductor device equivalent to 
the first embodiment of the invention in the order of a process. 
In the first embodiment, first, as shown in FIG. 1, a pad 
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silicon oxide film 2 is fontied on a silicon sxibstrate 1. Next, 
a silicon nitride* film 3 is formed on the pad silicon oxide film 

2. Further, a high-temperature oxide film 4 is formed on the 
silicon nitride film 3. After resist formed on/over these is 

5 patterned/ an opening is formed in an area in which isolation 
by a trench is performed is formed by plasma-etching the 
high-temperature oxide film 4, the silicon nitride film 3 and 
the pad silicon oxide film 2. At this time, the surface of the 
silicon substrate 1 is also slightly etched. 

10 Next, after the corner of the silicon substrate 1 is 

rounded by Bronson processing, a trench la is formed on the 
silicon substrate 1 by plasma etching processing as shown in 
FIG. 2. Next, deposit generated in etching and others are 
removed by peeling by acid and the wet etching of the oxide film. 

15 At this time, as shown in FIG. 2, as the pad silicon oxide film 
2 is also slightly etched, a cavity 2a is formed between the 
silicon nitride film 3 and the silicon substrate 1. 

Afterward, acid cleaning is performed and as shown in FIG. 

3, a liner film 5 is formed by a plasma-activated chemical vapor 
20 deposition method {plasma CVD) . At this time, the liner film 

5 invades into the cavity 2a. The liner film 5 is made of an 
oxide film such as a nonsilicate glass (NSG) film or a 
high-temperature oxide (HTO) film of tetraethyl orthosilicate 
(TEOS) for example and the thickness is 300 to 500 A for example. 
25 Next, an oxygen atom is made pass the liner film 5 and 

reaches the surface of the silicon sxibstrate 1 by performing 
acid cleaning and thermal oxidation and as shown in FIG. 4, a 
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thermal oxidation film lb is formed in a part in which the trench 
la of the silicon substrate 1 is formed • 

Next/ as shown in FIG- 5, a trench insulating film 6 made 
of a high-density plasma oxide film is embedded in the trench 
5 la. Afterward, flattening is made by CMP and next, the height 
of the trench insulating film 6 is reduced by wet etching. Next, 
as shown in FIG- 6, the silicon nitride film 3 and the pad silicon 
oxide film 2 are sequentially removed. 

Afterward, the semiconductor device is completed by 
10 forming a gate oxide film, a gate electrode (not shown) and 
others . 

As described above, in the first embodiment, as the 
surface of the trench la of the silicon substrate 1 is thermally 
oxidized via the liner film 5 after the linear film 5 is formed, 

15 the silicon nitride film 3 is surrounded by the liner film 5 
in forming the thermal oxidation film lb and even if the silicon 
nitride film 3 is heated, no lifting is caused. Therefore, as 
shown in FIG; 6, after the trench insulating film 6 is flattened, 
no divot also exists. Therefore, the characteristics of a 

20 device such as a transistor according to design can be acquired - 
In the first embodiment, the high-density plasma oxide 
film is used for the trench insulating film 6, however, an oxide 
film formed by CVD may be also used. For the oxide film by CVD, 
a TEOS-NSG film or an HTO film may be also used for example . 

25 Next, a second embodiment of the invention will be 

described. In the second embodiment, at the same time as the 
formation of a liner film, a trench insulating film is formed- 
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FIG. 7 is a sectional view showing the manufacturing method of 
a semiconductor device equivalent to the second embodiment of 
the invention. In the second embodiment shown in FIG. 1, the 
same reference number is allocated to the same component as that 
5 in the first embodiment shown in FIGS. 1 to 6 and the detailed 
description is omitted. 

In the second embodiment, a process until before the liner 
film is formed (till the process shown in FIG. 2) is executed 
as a process siinilar to that in the first embodiment . Afterward, 

10 as shown in FIG. 1, a trench insulating film 7 is embedded in 
a trench la by CVD. That is, the linear film and the trench 
insulating film are collectively formed. 

Next, an oxygen atom is made to reach the surface of the 
silicon substrate 1 via the trench insulating film 7 by thermal 

15 oxidation and a thermal oxidation film (not shown) is formed 
in a part in which the trench la of the silicon substrate 1 is 
formed . 

Next, flattening is performed by CMP and next, the height 
of the trench insulating film 7 is reduced by wet etching. Next, 
20 the silicon nitride film 3 and the pad silicon oxide film 2 are 
sequentially removed. 

Afterward, a semiconductor device is completed by forming 
a gate oxide film, a gate electrode (not shown) and others. 
In the second embodiment, as in the first embodiment, a 
25 divot can be also prevented from being formed. Therefore, the 
characteristics of a device such as a transistor according to 
design can be acquired. Also, though time required for 
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oxidation is long because an oxide film covering the area is 
thick when the thermal oxidation film is formed, the number of 
processes can be reduced because the liner film and the trench 
insulating film are collectively formed. 
5 In the second embodiment, for the trench insulating film 

7, a TEOS-NSG film or an HTO film may be used for example. 

As detailedly described above and illustrated^ 
as an area opposite to the trench of the semiconductor substrate 
is thermally oxidized via an oxide film after the oxide film 

10 which an oxygen atom can pass is formed on the inner surface 
of the trench, the silicon nitride film can be prevented from 
being lifted in thermal oxidation even if the silicon nitride 
film is formed before these processes. Hereby, the formation 
of a divot in the succeeding etching of the oxide film can be 

15 prevented. Therefore, a transistor and others having stable 
characteristics can be manufactured. 

Although the invention has been described with reference 
to specific embodiments, this description is not meant to be 
construed in a limiting sense. Various modifications of the 

20 disclosed embodiments will become apparent to persons skilled 
in the art upon reference to the description of the invention- 
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CLAIMS 

1 1. A manufacturing method of a semiconductor device, 

2 comprising: 

3 a process for forming a trench on the surface of a 

4 semiconductor substrate; 

5 a process for foanoing an oxide film which an oxygen atom 

6 can pass on the inner surface of the trench; and 

7 a process for thermally oxidizing an area opposite to the 

8 trench of the semiconductor substrate via the oxide film. 

1 2. A manufacturing method of a semiconductor device 

2 according to Claim 1, wherein: 

3 said process for forming the oxide film is a process for 

4 forming a nonsilicate glass film of tetraethyl orthosilicate 

5 by a chemical vapor deposition method (CVD) • 

1 3. A manufacturing method of a semiconductor device 

2 according to Claim 1, wherein: 

3 said process for forming the oxide film is a process for 

4 forming a high-tenperature oxide film by CVD. 

1 4, A manufacturing method of a semiconductor device 

2 according to Claim 1, wherein: 

3 said process for forming the oxide film includes a process 

4 for embedding an oxide film in said trench. 

1 5. A manufacturing method of a semiconductor device. 
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comprising: 

a process for forming a pad silicon oxide film on a 
semiconductor substrate; 

a process for forming a silicon nitride film on the pad 
silicon oxide film; 

a process for removing the silicon nitride film and the 
pad silicon oxide film respectively corresponding to a part in 
which the trench is formed and exposing the semiconductor 
substrate; 

a process for etching the exposed semiconductor substrate 
and forming a trench; 

a process for forming an oxide film which an oxygen atom 
can pass at least on the inner surface of the trench; and 

a process for thermally oxidizing an area opposite to the 
trench of the semiconductor substrate via the oxide film. 

6. A manufacturing method of a semiconductor device 
according to Claim 5, wherein: 

said process for forming the oxide film is a process for 
forming a nonsilicate glass film of tetraethyl orthosilicate 
by CVD. 

7. A manufacturing method of a semiconductor device 
according to Claim 5, wherein: 

said process for forming the oxide film is a process for 
forming a high-temperature oxide film by CVD. 
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8. A manufacturing method of a semiconductor device 
according to Claim 5, wherein: 

said process for forming the oxide film includes a 
process for embedding an oxide film in said trench. 



9. A method of manufacturing a semiconductor device 
substantially as either of the embodiments herein described 
with reference to the drawings. 

10. A semiconductor device manufactured by the method 
of any of claims 1 to 9. 
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